A new stereoselective cascade reaction of benzylidenecyanoacetates and 1,3-dimethylbarbituric acid by the action of bromine in the presence of a base into substituted (barbituric acid)-5-spirocyclopropanes is described. The yields are in the range of 60%-75%. Nuclear magnetic resonance (NMR) studies indicate that this cascade transformation results in the stereoselective formation of spiro products with trans-configuration of aryl and alkoxycarbonyl substituents in the cyclopropane ring. The products are a perspective class of compounds with prominent pharmacological and physiological activity.
Introduction
Cascade reactions are a powerful method to construct complex molecules from readily available starting materials by combining two or more processes into a single transformation [1, 2] . In cascade reactions, several bonds are formed by one operation that makes them useful for the creation of polycyclic and spiro compounds [3] . Thus, cascade reactions exhibit increasing importance in modern organic chemistry [4, 5] .
The cyclopropane moiety is an important structural unit for many synthetic and naturally occurring compounds with an inherent wide spectrum of biological properties ranging from enzyme inhibition to herbicidal, antibiotic, antitumor and antiviral activities [6] [7] [8] . Hexahydropyrimidine-2,4,6-trione (barbituric acid) represents a type of a privileged medicinal scaffold [9, 10] . Its 5-substituted derivatives are known as barbiturates. Many barbiturates are drugs that act on the central nervous system [11, 12] . The current interest in barbiturates also arises from their pharmacological potential as analeptics, anti-AIDS agents and anticancer agents [13] [14] [15] . Many bioactive spirobarbiturates [16] show a neuropharmacological effect [17] and are inhibitors of MMP-13 [18] and dihydroorotate dehydrogenase (DHODase) [19] . Related 1-phenyl-5,7-diazaspiro [2.5] octane-4,6,8-trione [a (barbituric acid)-5-spirocylopropane derivative] has recently been patented as TNF-a converting enzyme and matrix metalloproteinases inhibitor that has a potential utility in the treatment of various inflammatory, infectious, immunological or malignant diseases [20] . Thus, the 5,7-diazaspiro[2.5]octane system represents a prominent spiro structural motif due to the presence of cyclopropane and hexahydropyrimidine-2,4,6-trione units.
A conventional route to such (barbituric acid)-5-spirocyclopropanes involves condensation of urea and 1,1-cyclopropyldicarboxylate esters in the presence of a base [19, 20] . Yields of these reactions are modest. Moreover, requirements for dry solvents, high temperatures and application of strong bases dramatically limits the synthetic scope of this route. Another approach to (barbituric acid)-5-spirocyclopropanes utilizes direct cyclopropanation of barbituric acid derivatives including the reaction of carbenes or ylides with carbon-carbon double bond of benzylidenebarbiturates [21] , base-promoted high-temperature alkylation of barbituric acid with dibromoethane [22] and condensation of acetylenic esters with barbituric acid in the presence of triphenylarsine [23] . Recently, N-iodosuccinimide was used in radical spirocyclopropanation of barbiturates with styrenes in the presence of triazabicyclodecene under white light emitting diode (LED) light irradiation [24] . A single synthesis of CHF 2 -substituted (barbituric acid)-5-spirocyclopropane using α-(difluoromethyl)vinylsulfonium salt has also been reported [25] .
During our studies on cascade and multicomponent reactions, we have suggested a new approach to the construction of the functionally substituted cyclopropane ring [26, 27] starting from diverse CH-acids [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] . Examples are chemical [38] and electrochemical [39] [39] . In continuation of our efforts on the cascade transformations of activated olefins and CH-acids and in the light of biomedical applications of (barbituric acid)-5-spirocyclopropanes, we now report a convenient and facile cascade procedure for the simple and efficient stereoselective synthesis of such derivatives by the reaction of benzylidenecyanoacetates and barbiturates.
Results and discussion
The stereoselective synthesis of (barbituric acid)-5-spirocyclopropanes 3a-n by treatment of a mixture of 1,3-dimethylbarbituric acid (1) and benzylidenecyanoacetates 2a-n with Br 2 /NaOEt in ethanol is shown in Scheme 1. Initially, this cascade transformation was studied using 1 and benzylidenecyanoacetate 2a. Under optimized conditions, substrate 1 (10 mmol) was allowed to react with compound 2a (10 mmol) in the presence of EtONa (16 mmol) and bromine (10 mmol) in EtOH (30 mL) for 3 h. The use of either smaller or larger amount of EtONa resulted in a decreasing yield of the product 3a. The remaining products 3b-n were obtained in 60%-75% yields under similar conditions.
In principle, the spiro products 3a-n can exist as a pair of diastereoisomers with trans-or cis-configuration of aryl and alkoxycarbonyl substituents in the cyclopropane ring. However, analysis of H 1 -nuclear magnetic resonance ( 1 H-NMR) spectra of 3a-n clearly shows the presence of a single diastereomer in each case indicating stereoselectivity of the reaction. The structure of (barbituric acid)-5-spirocyclopropane 3c was confirmed by a single-crystal X-ray diffraction (XRD) study earlier [39] . The XRD data unambiguously supports the transconfiguration for 3c, with phenyl and methoxycarbonyl substituents on different sides of the cyclopropane ring.
Considering these and previously reported results [40] [41] [42] [43] , the following mechanism for the cascade stereoselective synthesis of compounds 3 is proposed (Scheme 2). The first suggested step is deprotonation of barbituric acid 1 by ethoxide anion which generates anion A. Then, the Michael addition of the barbiturate anion A to benzylidenecyanoacetate 2 leads to formation of anion B. The anion B is in equilibrium with anion C. Bromination of the anion C in the presence of ethoxide ion generates anion D which is the direct precursor to the observed product 3. The steric hindrance between aryl and alkoxycarbonyl substituents seems to be the driving force for the stereoselectivity of cyclization leading to a cyclopropane ring with trans-disposition of the aryl and alkoxycarbonyl substituents.
Conclusion
A new type of cascade one-pot reaction for the direct stereoselective formation of spirocyclopropanes from benzylidenecyanoacetates and 1,3-dimethylbarbituric acid has been developed. The procedure utilizes inexpensive reagents, is easily carried out and the work up is not complicated. Analytically pure products, (1R*,2S*)-1-cyano-5,7-dialkyl-4,6,8-trioxo-2-aryl-5,7-diazaspiro[2.5] octane-1-carboxylates, crystallize directly from the reaction mixture. 
General procedure for synthesis of compound 3
A solution of EtONa (16 mmol) in ethanol (20 mL) was added to a solution of dimethylbarbiturate 1 (10 mmol, 1.56 g) and benzylidenecyanoacetate 2 (10 mmol) in ethanol (10 mL) during 1 min. Then Br 2 (10 mmol, 1.6 g) was added. The resulting mixture was stirred for 3-h at 20-25°C, and the white solid formed (3) was filtered off, washed with water (2 × 2 mL), and dried under reduced pressure to give pure product 3. 
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